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Abstract of JP1 11 86601 

PROBLEM TO BE SOLVED: To suppress the 
resistivity of a p-type layer low, to reduce an 
electric loss and to improve a light-emitting 
efficiency, by forming a p-type semiconductor 
layer by doping impurities including at least 
two kinds of impurities having a deep level and 
an impurity having a shallow level. 
SOLUTION: A light-emitting part 10 has a 
double heterojunction type and is comprised of 
a light-emitting layer 2 being put between an n- 
type layer 1 and an n-type layer 3. A p-type 
layer 3 is formed by doping impurities including 
at least two kinds of impurities having a deep 
level and an impurity having a shallow level. 
The p-type layer 3 uses a p-type layer 
including a region in which different impurities 
are doped (intentionally added). At least two 
kinds of impurities which are doped are 
different in levels to be formed. One is an 
impurity forming a deep impurity level and 
another is an impurity forming a more shallow 
acceptor level. 
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*ih«r«dS/jN t ft* i 5 fc|&4fcfc43E«r# LTM Lfc 

[»*«4] ±iBpj!?^aiflcjittp«iii mmtvo*- 
mwmxh^o. ±iB{b-fr«*aMM8*»-T-ttiii 

[|#*JS5 ] ±IB««t(0^i«4fcttjBll«JH^--e*>S, 

H»*H-c*<o*iJh«*iS: 3 . 0eVJ^T£1-3. 

r t Sr#mir-r^ff*3S4 *fctt 5 fclBtt*Mfr&tt¥* 

[fi*^7] ±Kp Sr. ^i^i^ 

C0^§6t- Lt'>4 <H2n m^±-C 1 0 0 n m 

I»**8] p»««*ridKi-6 p 

[0 0 0 1 ] 
[0 0 0 2] 

5. B5Wft«iSS05S3t^^-- K (LED) ^u-lf 
K (LD) *<D«#*^-tt. »iS-C«III 
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(A l,Ga v I n.N ; OsSx, y, z^U 



+ y + z = l) tf&5„ r^jgfifijg*^^? y K 

5 («WJ¥ 2-229475 ^ftHftMMMB) . 
[0 0 0 3] Ull 2ttfie*<OLED©3B3t«BS:«aWt- 
*1~»rfiig"C*>5o IH-iJol^T. t£3£C0LED 6 0£>3§ 
3t*Mi. £S 2 0 0 iC, ISffJI 2 0 0 a LT 



10 LTfc9> 3S?fc)l2 0 2 ^ -?:0^3tS2 0 2 Cg^f 
5n^7^K!201 p Jf0^ 9 y KJ1 2 0 3 t <D 
V-fjV^u (DH) »*d*?>«^S^TV>5 0 

[0004] m^, mttfv <>j* - -f^w^mih (g 

a, I n s N ; 0^y, z^l. y+z = l) 383tJl 
2 0 2^f5TOt Lt^t L<*lJffl£*LT^S 
(4#<&B§ 5 5-3 8 3 4 #^«n«P»#fiR) 0 -ttltt, 

fcot^Fl^ LTfc#JJB£;ft/C^5 («Nj|j3F9-3 6 
4 3 0-^«93*ffl»#l!8) o 

[0 0 0 5] 3§;feJf 2 0 2 t y 

30 ( 1 9 9 6 8 ^) ©C^^ 5 7 EUSfflfcS*** 

»»^»*^**No. L»»t8p-ZF-1 
4, 2 0 9I#S) o 4ft#y^'^^!?A# 
^ct Offl^KSTfi^-r^b-C*)* (®S olid St 
ate Comunn. „ 11 (1972) , 6 1 7- 
6211, ©J. Appl. Phys. , 46 (8) 
(1975) , 3432-3437 K#fiH) o «Ft-*iS 

40 mmW- 8-261044 ^-#fig) « 

[0 0 0 6] Sg^fcif 2 0 2 Sr*«p LT*3t«fB 6 0 *M$L 
t5^7^Kl2 0 1, 2 0 3(1 -iSCnffKlj: 
p^Sft7/l/^^9A • jf\) *?M.Ugh (A 1 x G a 
,N;0^x, y^l, x + y = 1 ) ^b«fiK^^6 0 

12 o i «>a (GaN) i>*bmj$rt-zm&& 

ItSrWl 5%k-tZ>pJ&&<kTsl'ii~<}J» • ^fy ^fi 

so a^5>«fifci-*»^s#v\ roipipwii it 
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f»iW^^6pff^7 7 KS2 0 3fl -SStctt 

(Mg) ^|-OpM« 

£ it K— ey^LtftbiiTv^o :^Mg^p^ 

[0 0 0 7] »OLED6 0^f£3fca$£^&-r£DH 

Ga,.,Ino.jN(OiiaTOilhflBtt, «2. 9 ^ u 10 
^hpy*>h (eV) -C&S (4#|HBg4 9 - 1 9 7 8 
3#^«W»»#HH) o — p»??yK|2 0 3C 
fti«3^MWr*fc5A 1 o . 2 G a o . s NCD^ih^it®(i 
m3. 9eVtfc5 0 Sfc. n^7J/Ki2O10« 
fi8*tft"C*>5G a NO«|JhflP«tt3. 4eVtfc§ 0 
(*W MSI 1 , rui -VMik&b^mitl (19 9 

4^5^ 2 0 0, (ts) mmmmff) , 1 5 o h# 
te*»ts*jh«« k) commit m^tm 20 2 1 

p^7^Kl2 0 3 ^^Pflt**!)l. 0eV-efc9,5S 20 
3tS 2 0 2 tn^7^K!201i ORB "CSS 0 . 5 e 

0 1. 2 0 311 3§7fc/I 2 0 2 W^R^ffl«^5pJSWtC 

l^o «©LED6 0(7)M», wfte><Z>*9y K 

12 0 1, 2 0 3 i^3tS2 0 2 iOiK«E»^d^«fiR 

[0 0 0 8] p?f^ ^ 5/ KJf 2 0 3 _bt£fl 012 \Ctf 

i~X o i^i:< p^ny^^ M2 04^ifjjx 

£ («Fi¥6 - 2 6 8 2 5 9 -5H*$R9!*fflS#flS) 0 30 

Ml2 0 2±l^fj:, jfc (75 (a) , (b) ^21 
^^5pfl2 0 5Srffi^i-5^j55^ 

(a) 383tl2 0 2rtl^ty7S: r^Ci££>£j p ?g 
^7^K1203 

(b) tettttffitto;*-— 5 (Ohmi c) pTK® 
ffiSr®J*i-Sfc«)^p®^=i M204 

[0 0 0 9] -t IT, r(Ony^^M2 0 4Ct), ± 
ISO p^7i/Kl2 0 3^ IrJ«H^ -«i^M g a**— 

&mmmm2 o e&^ttpmmmzmj&irztLibimfti 

4 ±fctta*tt»K»B 2 0 6 t p»^y K«S2 0 7 

[0010] ny^^ M2 0 4I1 &IkffiftiIdS#) 3 . 
4 e VCDG a N**b«JSS;Sixao^?i§3tE^?>^5i^J"C& 
£ 0 rcOG a Ntt-1©!7^ K^V K=¥-* ^^tt"? 

= H2 0 4(D— l^a^lCp^/N 0 ^ K1&2 0 7 
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[0011] S3tt±««m« 2 0 6 fMBftffi** 

=3V** M2 0 4ICg5±6i-5ft«S:Au»K2 0 6 a t 
U *<D±m : $:~vfr^Wm2 0 6 b b-tZ><D&itm#) 
4«*«-C*>5 (#H¥7- 9 4 7 8 3#£t«R91*MF# 
SB) o p^S3fcttiil«2 0 6 ^°7^!>^ (P 
d) Mt©^bi*t5Wfc*>5 (#i¥9-l 
2 9 9 3 2 ^4&R9§#B*#flB) . 
[0 0 12] 

5> tci. pJK^ 5 y Ki 2 o 3 iiHk7;i/^»>A • #y 

Stp^=«y^^ M2 0 4liSft# 

Of fe^ tlM«^ LED ffllTO p »I 2 0 5 (p 
^7^Kl2 0 3 ^y^^ hS 2 0 4) fl SgUI 

4- 7 1 5 8 9-§-^«K*B##fl8) o Ltf>t>, ^*^?L 
BS49-2977 0 ^«W*B»#H8) 0 L/c^oT, 

U f^j^op^S 2 0 5 #tOMgSrK- 
tCK-ey^thtf, K-f^l (p«I2 0 5) 

[0013] r<D«t5tC, ^*©LED6 0<&383teSP"C 
[0 0 14] pfl2 0 5^J*Rtt, — Jttfc 1 0 

«rjKae*4*, «i2 o 2<D&m.*mtm*:x%%m 

[0 0 15] Z(DftW&±^&frm^£ frith <OX , 



< 



t 



[0016] &tz, ^(o&w(omz<Dmm^ P iio 

nm 3£ £1" 3 3! ft il cDf&ift^fC £ ^ x. T 3§ ftjf O 
[0 0 17] 

[0018] ^fc, m&m2\cmm<D¥£W&, ±MpM 

[0 0 19] £<b^ ft*Jl7(C?B«6^B^T^i, If* 
X'pf£ <H2n m£t JiT* 1 0 0 n mKT^^^M 

[0 0 2 0] 

mizm^^xmrn^mm-tZo m 1 ^mm^^it^- 
i (a) ^(Dmmmfe&TFis, mi (to itpftm* 30 
[0021] hh^^t. 

^(D^it^x o\*. y^/u^^u (dh) m-smz^ 

$&JtM 2 Sr s nff^l £ p^/13 t-e«»UT*J5E 

$ttxv^-5o tit, pmm3&, 'PK< thm&cD%k 

in ^^^tf^^^-r^o XVMrftmzte, - 40 

«S AhGaJn.N.M, . ({B x +y+z= 
1. O^x, y<l, z*0, 0 < a ^ 1 x M : ^M^X 

ftomvmicm x^trnztizmtTsis • #y 
• ^ >^->^s^^*t^ib^-r^o a i moat 

0. 1 OtJlT^i-^^^^ x = 0T'fc5^ft 

t#$LU\> GalMJtTfo^yfi^O. 5«±T-fe 

«MCx = 0"Cy>0. 5^>^b^/y^ 

^ttSr^iS-rtLtf. y>0. 6X\ I nMitTfe^z 50 
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V\ y>0. 7tz^0. 3 CO^t^/y • >v?r> 

Wfa/SJfcT'fcS a f3\ «t^0^a<0. It-T^CO^M 
a =0ttffS£;}x£o 
[0 0 2 3]*»Sm »J»J4«SCi"5J:5^. 
y/\ «F^*^-SrpJE5»3 fcO«*#ffi4iS#Ofll«fc: 

^©ISEitAlll^fi^^g y^-< (majorit 

y) ^y7t45It«c 7c3f5n®(Z>e 
»I^n?g©SI6fei"efcSIitS 0 51 3tJl 2 2r P 7£«>; 
t5©tt»*t<4v>. «3feS 2 fi, ^FfcMfcSrSSbD (K 

HUSK. TV K— ^JBSriBflii-Seo^Sf* UV\ %3fcJf 
2 Ojf ffttgfc n n mM&. t i"5 CO^M* b V \ 

£f*L^J¥£ti:«E;teu 1 nm^_L3 0 0 nmKlTXfo 

[0 0 2 4] pmm3te, mz-tt— jgSAUGa r N. 
M, a ({a U x + y = 1 . 0^x, y<l, 0 < a ^ 
1, M : S*W^^V«i5niB) "C^iaSttS^bT/u 

com&Rffi 4 T*«*Ji 2 i v mik&m&vt&m vmo. 

[0 0 2 5]«PKU pfl3tUl»^5 

[0026] @2fi P ?gg-eom^*^S:W(c^i- 
0-es>9. 0 2 (a) i^yK-ytti^pgiwt 

?Sf^^. 02 (b) figgV>2(lffi:co^3l«»^*Sr K— 1° 
V^L/c^O®^fco^*^. @2 (c) f^VNfpffit 
^V^2iffi0 2a^O^^^E^JS:^^^^c K-ey^Lfct& 

(b) ^12 (c) ttraiSia-efc5fc», 01 (b) O 
-^12 (c) Srffl^T^Tt-fi 1 ^ - £ 

[0 0 2 7] 0if\ OPPfim^^. •WttETLSr. ®R3 

[0028] pwm3*m$rtrz>mcx y ) *?j*m<m\\ 



• m 



ft B2 (a) fc«-rtn<, mi- (O) *SjE?L (•) J: 

ffirb*»Oh9y^ (trap :4MK><b) lCi5, Jib 

[0 0 2 9] r©J:5ft*ttH«K*)S«»(r»*ttRK 
2 (b) (c:^-r$D<, *«4*rti J: 9 iETLMS* U Srt 

[0030] «v*nMfcfc»^W^2««o;^K 

»SlRH*l:K-^t6i, 0 2 (c) u:*-rjn<. 
J:9«v^JWft«r«j*i-s^«*|c:J:oT, *SftJli*3fc:S 

m& & matt % p b t je?w*«# 

<£#Se9, *SA««p*<oe*Sra-*-SJ:5fc** 0 

m% izffim^ bnm * ttr i * fc» # ma «t 5 ^ ft s. 30 

fci*9, r*U£«fc9, p«»3S:»«:*(DiB:V^i:-f 

[0031] r^ipc, m^nmmb&i&fSL-ttt 
mmats t?^-?? (jetl) t Ltt^i^ttftt^ 

*fift(cjEHLTT^-fe^ p ^<DjBIStt*:i:/ < t9. pJKTMS 
WkS:*i-Mg«f©p«^F>B4fc«:, t£*co£n < JK-T-ftft 

k lt^3 i x i o 20 c m 3 zm^x^m^mm-ft 

[0 0 3 2] MePbJI^G a N^^/Si" GaN 
^ol/NTcDM g coW4^2 5 0 ;!)xi/^ h d 
h (meV) tmi££inX^Z> 0 — S«B (Zn) CO 
2pffitt3 4 Ome V fcMg »Ctt:|M-fttfSV*4: £*L<5 

(JAMES H. EDGAREd i. , TpROPE 
RTIES OF Group III Nitride 
s J % INSEC (London) (1994) , 27 50 
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3I#i) o ft* (O) fc«V^tt«i«fc«: 

«7cST*fo5Mg i z n &J5JUJW1C#K: K-fy^l 

SDLfc. A 1 jfijSKttx Sr*5 0. 1—0. 3it5Al, 
Ga r N (x + y=l) gf B S^5>jfi L<«^ 
£ e Z n ft— flS^f*. JS-^fll*^ lt» 1 X 1 0 1 8 c m 

KO*a**«lcr4, y *A (Be) tZni^) 
^««S:a»i:LfcMgi:Bef: N Zni©H*W 

[0033] ztib<Dm%t<D^mm&. -f^-^i&Amz 

sfai-*p^«<^«»:taA>r^>«<7>ajKfR 
s) sfa-rsp»^r+yT»«i:ttaAft:oa«K 

[0 0 3 4] ftt, p»»^ififig4giBSr#ttS*IBW^ 

[0 0 3 5] 13 te*¥£W(Dm 2 C0H«t8^^i-|H 
T\ 12 3 (a) «*»K^«S*3fcffl^>aJB«it«r* 
U 0 3 (b) &I>*I2]3 (c) ttp»Jl^Mfi&4gRJB<E> 

ia^ia-e*)*o ni3 (b) Rxtm3 (c) tc&tts^ttt 

[0 0 3 6] wwT^L ^pfe^l 0 a(Opfj3 a fi, 
A 1 , G a , N. Mi „ (fib, x + y= l, 0^x, y ^ 
1 , 0 < a S 1 . M : M3RW^OVfl55E*) ^ 0 B B ^^b 

ffil&£tix\,^Z>i><Dk-fZ 0 mj&nmz&tt-tMMiik-f 

Zmf&Ttmte. A 1 , G a , N, Mi . <D&mf&7tm<Dffith 

[0 0 3 7] r (OHJffiJKIR-Cfi. p ff^g 3 a «rfij£^ie 
«3 1 i:*jfcfflrB/h««3 2 @3 
(b) A l tc^iBSrW-Tr kxm&*}$&m3 l* 

JK^LTfc^o ^Jx.tf, Gao.a I n«. 2 Na*bfifc5383t 
§2 ir^gE^ffi4(d^l/>TA m^KltSr-^Jco. 2 
tt5:tt, 83ti2tO0. 3 e VKi^^JhSfi 

fc^ 0 affiiBOtt. Aim^it^ r o j ^ftoT, «ih^ 
<S^3. 4 e V(DG a N^fcj*5iJtIB/J>ffi«3 2 

[ 0 0 3 8 ] 121 3 ( c ) T^i, A 1 , G a , N, Mi . 
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*^<OV»5E*M^a* (As) (P) SrJBl^ 

T, t©As^P<OlBjjtl:4iE«r#tife, M/&*)E 
13 1 SrJgjfcLTfcSo r(7)4i^COSa^Ifia 3 111, 

•ffl^K 3 2 ft. tfilxJ* N k A l £>#*fij£tf:3: o k Lt, ft 

<ffc#y^ (G a A s ) Set/ Mi ]) Z/fcjf V & (Ga 
P) k-fZo G a A sRl/G a PCO^fi-ec0^ih^*Ifi 
1. 43eVM2. 2 6 e VT*fc5 0 fsjtb^G 
a NO 3. 39eVi9*S<, L^^oTiSegtO p 10 
^ItiS^W^^i,^ ^/c. GaAs&tfGaP 
^!E?U£»£fc:*:#V\, pfGaNOT^Ha 1 1^ 
tbS^bT^+cm 2 /V • sffcSWSU Ga 
A s RXfG a P OIETL^SlSfi 1 2 0-4 2 0 cm 2 / 

V- skZtlZ (_bf£<E> rin -vjs^-fr**aw*j , 

1 5 0I#B) , ±oT\ p^!3a^IM, 

V\ i"*t>*>, *1»S:G a A s*V^liG a P^jlb 20 

[0039] ne*5, «a^E4gia» 3 i fi N ±ie ufcaso 

5^UTt>«tV\ 30 

[0 0 4 0] _hfEL7t J: rcoHiS^^T-ii, 

13a ^jftric^ifis 3 i^tj-t^-5 0 ^oa^sa 

f!3 a OSffi^^ttT*ih^i|i^/hi:^^J: 

m&£itz>tz.#>\z, &ytm2 x ymit&m&o. 3ev 

[0 0 4 1 ] — p^JB 3 a <fc«B5ifflO«lkfi?i|Bti\ 40 

p b<d*- * mm ( p v vwm %m$> tcmat 

T t * S*Jhflf «/J^«« 3 2 SrRtt * <fc 5 Lfc p JBJ1 
3 a tt»fcl#Sc«"C*>S Q ^<©*Jh*«/h««3 2tt, 

mmmm&^mkhr+zz>o k^z>x\ mmx(Dm±^ 

^*&ftm2frb<D&?!tfc&lZft%1-ZMJtm8£lTk 50 
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[0 0 4 2] pJBH3 a^|i*A)ESr#U 

*:<DT% p^l3a|j: N St*©p«^77 Kli, p?£ 

»R««i:SrW*»ofc#«IBIii:/jJ5 e p 
[0 0 4 3] ffi/£*)EJf 3 l <D±ftk l,X commteWl 

2 0 nm- 5 0 0 n m<bt5^)^i^ LI/\ fi2 0 

n m*ffico«v *m temyttik&m&fr h -ma^rm -<?*> a 

tfi* aj*^ESrS«W^Wi-»J1lPttfc^c»5 0 8500 

i &m<-fz>kfc{iLmmtemiw-tz> 0 miiL^<^-r 

HLV> 0 $J£ Lv^^ES 3 l ^Sffte:*:^ 5 On 

mT^fe) 2 5 0 nm~Cfc3 0 

[0044] ±mcomwxte, m&zaszm 3 1 x<Dm.& 

ifiric fir J£j5g W Id ^ =r y & Z> X 0 IZ-MJ& L T 

*<om&* mf&mk^fccxm±mEh&m&) 

^mk-tZ^k kteZ> 0 

[0 0 4 5] ifc, »*Ji2 i©Sf-fr»ffi4d*feii:»tt 
(cfifi8;4DEJB3 1 S:Ktt2>«fc p^Lfcri*. ft^#ffi4^ 

hp Mm 3 a ©»as^rftWTBfft«©iaj«— 36««»S: 

[0 0 4 6] ^7t. «&fiS;4gE* 3 1 td»Kt**rBfS« 
ih*P«/MH#3 2cofflSrr<SfeiMli{cjt*5 J: 
■T^ J: ■5^«^UT 1 b<tv\ ^^t't), p£8 3a 

t?# sirrah, mmt&mmk i,xhmmi-z>zk&x 
[0047] ^b^, &mm&G-tz>M&t*i&.mns m 

^•o^atrt^FJBftv^ttWM^S^S-frTE 



f 
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U Gal nN»®£#FJlit-£¥-^l/M*#Sft^ 
^HOG a NWSJBK&^SiirTEei-S ct 0 IT 

fc <fcv\ 

[0 0 4 8) p^lOMIt^#Sffl?:7 
^"CBWWS. 

[0049] m4te*&w<D&3(DmMmm\z.iortz > $& 
Kw«r«iM-s. 

[0 0 5 0] C <Dfg 3 OHJS^fliT^i, 3£3fc£ff lObC 

^jf 3 3 t^F*fift K— 4 t^bpf!3 bS:M 
LTfcS, w£>J;5M, 3S?tS 2 t <Dig&ftm 4 j£4gtf> 

©n»»*»2^rt»tB«fc«**tbSffift5c (2jJc 20 
tc) 0«^Sffi*ffii-*^*ttSr^LT^J5S;-r5fc 

v^*-CfcSo 7y K-T'i 3 3 i: t5ffl«li»3tS 2 
t^^#l4^t) 2 n ra«i 10 0 nmJ£Jtp*)£i-£ 0 

45U 1 0 0 nmS:it5fi«S:7y K-/tt5 

5 nm— #5 2 0 n mC£>$£ £ (Dm^L^M^&^T V K— ^ 30 
JB3 3£U t©7yK- ^§3 3 ±<D^*M& K~ 

3 4 ^M g t z n«c k— tr^^ufc«*i:i-a pjg 

I3b^ »* piJ-CfcSo 
[0 0 5 1 ] fc*5. ±IS^KWT?tt, 7^^/13 3 

o»j*^EJi«:4B;t*: p Wtm*W*J&1rZ>& JtLtfcJ: 

V\ 40 
[0 0 5 2] jjclc, ±l5#HJfiJgffi^*5«t5«3fcJB2 60 

Lv\ BflB, In©W8*l:J:5I 

Wft#««Jtffil^tt, G a NtfcVH* I nSS5ritg5W^r 
»^«Ga I nNjgfi^5)«5±#ffi (««) <t , ± 
fleffiitel niSSSrllCfSGa I nNjgfia>fcricS«£ 
•«i:^b***«l«ISfi*s*ff 5>^5 Q Gao.aoln 



«MJB¥l 1 - 1 8 6 6 0 1 
12 

0. 4i*t45:i#*)5. «£JS*af±. 

So 

[0 0 5 3] &#ftbl±, ±tzLZ>Wjt*^t Y^^tl 
*-0*>5. «JRffiitt. ±fcS«*O*'fr«*«*(0tt 

W*58***ttt, »+nmSff<0|Hfct)ds*>5o —09 
trJUfftbtf, inO¥W«Jt«:«7%i«Ga 

0.93 I no.oiNCfcoT, #54 0 On m(D^fcZ>$&yt<D 
ftfticitU Sft*»3 8 0 nm©, £*:S383tei: HS 

»3»S*aJRfflo««S:*:/L, 2xio' 8 
cm 3 HTi Lfc#ffl«5fi3B3t*2 3ftS*fett»Ji«ix5» 
5t»2 t LTiSihSo »5t»2SrJ:0 3»ai:i-S»^, 

5nmgS(D?83tl2m ST«$ttS«MSfifls:«§«tH 

2 . 5 X 1 0 1 7 c m 3 r*fcSo — J8* 
»2 0*ffiiS«K#<ffaEi-S«fffl*K*>oT«t, 

»2o±*ffi«Ki6*-t-sJt*tt3 5%*»ti-s<oa« 

«fffl*tfd&*S*ffiadSJiO^«ffi«0 3 5 

[oo54] ^taflt^co^ji 2 trmn^t ut# 

5— ^jStCte. as-grown (D^ftM 2 JOf?*^ 

«ifcfl*«*-e#S. (>f) *5fcJ12 

(6 5 o°c&>±9 5 ot:*^) fabtimtnmum^cog- 

Mt5fc»©9 5 ota±i 2 0 OtWB 

a-eo»uiMft«Fiaa, &w (^) 
t*#**sf-ii-r5ft*PiS*-c©»aiiisa^b^So 

±tt5^sSiU>o S^2 0 0t^at<5gSoi 
ti, »*«2 0j»att*s«4to^S. MISiltff 

*Lv^te#5 3 ot/^?)»5 o 0 c/#<£>®HT*fc 

So 

[0055] ftriSjitt: ^b^ssejstao^sis:^^^ 

aaass^mui (tem) *«fflLfc-**8rcfc 



« 



( 8 
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£4>oTtt&£*L5 0 iiTEMitosMi mm) 
ft(D'&m&<o§kmfrhQ£mn<o&&*%\z>^ t&x% 

& 0 Sfc, EPMA§(05ciM«H^I^tTEM^ 

ffiH^fe (Mi 5 5- 3 8 3 4 f ^il^if #1) , 
[0 0 5 6] ^i^-cfcJ: 51-, -03IJ6JKffi"Ctt, p 
<£>T% «v^lW(tSr«jai-S^««tt^ T^ir^^ (IE 

K-^lttpIl3 ^Stt^Ml^o: t 

[0 0 5 7] St, pfi3at gJ¥<OitiD;£[R]tC*g 
Efc*)IEJf3 1 &-$ttmj&t lstz<DX\ pfj3afi« 
184: LT«lfi6i-5-*, P 7£J§ 3 a ©«ffi«-ett, SUk 
oT, $ v y YM t LT, *fcJMM^— $ y *Wt£S: 

fKB&fbt-J: 9, p^I3 a ©JBrtlfrKKi-SWnfefitt 

[0 0 5 8] £<btC, p»i3b^ mitm 2 k <Dm& 
*B4^5)(OEI|lCLt'>4< t t> 2 n my±t 1 0 0 50 



1-186601 

14 

l3tUc(OT\ *-&#ffi4ifi«(On»38*Ji2^rt« 

fc-mfettSr»4 r 4: S 0 
[0 0 5 9] Jfcfc, rco^SW^b^*******^ 

[0 0 6 0] 

[ftMM] (ffilltttffl) aM8W*r3B*^-<*— K (L 

ed) izmm Lfca^o^TKw-t-So ledm^o 

EE) ^S^MOCVDSSif ^'Jffl It, SffiLhKift 
[0 0 6 1 ] B 5 l jllKfitffii L E D S: 

LED<7)5p®ElT*fc£ Q rtbfcOBKCiSl^T, LED 5 

lfflift<0»*4:45aJi«St#l lit S^l0 0_L(c 

mm bTttj&£*vci^ 0 siioottt, iE^2-r 

^ (ffSSOmm) -CffS W 9 0 m m^Bffilfi L 
fc (0 0 0 1) (cffi) ~t7r-f7 (o-Al, o 3 

SMS*) Lfco Sffi ioo _b{^, h ]) ^ f;v7;w 

^-r>A ( (CH 3 ) 3 Al) /T^^=^T (NH 3 ) 
/ **RJCS^iCj: 9. 4 5 0°C-eiJ?^2 0nm^t6 

ryK-^ift7;v^^ (a l n) d^ASiHIf 

1100a ^-/SS^it/Co 10 0 ©fiSIr 110 0 

0 C{-±#$^m. by^f^y>^ ( (CH,) 3 G 
a) /TV^e^T (NH 3 ) / 7km&fc^£ 9, S« 
1100a±(cIi(Si) Sr K— tr^^bfcnjg^b 

^/y^ (g a n) ^bj*5T^ 9 s/ KJi i o i 

Lfc 0 T ^ 7 ^ KI 1 0 1 ©If ttfi 3 /z m i: L, 3^ 

y ra*figi?*f*]fciB&— ixio ,8 cm 3 a 
[0062] r^7y Kiioi ^f^m^^tc^, mm 

MM* 1 1 0 0Wb8 7 0°C(cMlfc o %<D&s b 

y^f/^^Vhy^f/wy^^A ( (ca) 3 

I n) /7^^7/7^^y (Ar) KJfc^SrflJflJ L 
^WN^^^^Mlt^O. 20^f57y 
K-^n^IfWy • -Y (G a 0 . «o I n 

o . 2 o N) m*3&ytm \02t LTSI L/c 0 3§7fcJf 1 0 
2^SiSg«*?j2 nm/^l:SJl> nmt 

[0 0 6 3] 3§7fcJl 102 <D&&mT'&, T/^y^ffi 
^T^Sffi 1 0 0©lSSr8 7 0*C^fe 10 5 o^c^^a 



■» t 
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ih-T5fc», #tlttl. 5^Pfl-eHlfiUfca 1 0 5 0t 

7550. 1£>, (Mg) tffiifi (Zn) 

(A I0.90G ao. 10N) *»e>J«6±^9y KIB 
K— :/JB) l0 3Sr«SLfc o Mg©K-^JSl: 

(b i s- (CH 3 C 5 HJ 2 Mg) Srffifflbfco Mg© 10 

1) ir L/c 0 Zn|j:^f;ulje ( (C 2 H 5 ) % Z n) 
Srffcffijftff K UlOOpp m^tfTK^^/^ ^ffl IT 
K— tr^^Ufc. yxf/UZn(OMlttft»0. 0 4 

fc 0 *£ttO. 2 m mi: b/Co 

[0 0 6 4] ±? 9 3/ Kg 1 0 3 Oj&flgtg, Sfi 100 
©jfifiSr 1 0 5 0 , fctai«#Lfc£S-C % h !) *7/i>1t!) 
$J*/T^*~T/fom/TjV*lsfc]foJk\ziL*)^ Mg 

SWZ n«r*tt: K— tf>^L/cg^y P 20 

»3y^^ Ml0 4Sr*iLfe„ Mg©K- tfv^jR 

0 . 2 M m o l t L^tCo Z n J*±iBtf> K 
-trv^WftflE^Ufco Zn(Oi«tlj:S7>0. 0 4^ 
mo I ^ Lfc G JilEO#SS:fifcft$*^R<OSI£»*#Sr 
i7|;&6^ 0 pJg^y^^ Ml 04Olf(j;0. l 

[0 0 6 5] ny^^ Ml04(Z)M, 1 0 5 0°C 
^fc 9 5 0X:\C&ft5 O^^ii^T^EUfCo 9 5 0t 
d^ 7 5 0X:\cn 1 0t:/#<Z>i£ffi"CP$ffiLfco 7 5 0 30 

°c\z&t i-it&tes MocvDKjSPrtt^fii 5 y 

[0 0 6 6] IriTEMliCJ; t) x «3t«l 0 2 ttflk 

I nU&tkktmO. 151?fcofc 0 *ft«t 
$ MSI^ 2 n mt^o to fttt 

B B 0 teco^^2 x i o' 8 cm 3 k&mzintio 3£3tJf 40 

102i±^5yK1103i <Og-&#ffiia^<75ffl«^ 

[0 0 6 7] p»3y?^Ml04RtfpJB±^7^ 
KI 1 0 3 ^^7 X-vx y f y J; 9 ^ U ISftJi 
l0 2O$I^Sffl^fc o *^*SrBjB*«i:-r5* 
*IM^3tI 1 0 2 cogl® £«.fgL/c 0 
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4 3 0-^4 4 0nmtfcof; 0 fetf>* #58 ft 

(Dfe-gitem* 1 5 nmfi:t^4 7 5 nmT*foot 0 Sift 

2 <&Sffi<£>ffi«Kl*t 8 5 % t ffSO £ tl/do 
[0 0 6 8] ±^5s/ KJBl 0 3&t/^>^^ M10 
4 ft<DM g OJDS^jftffitefa 5 X 1 0 1 8 c m 3 Tfeofco 
^C<S IMSM(a5Z n ©W-T-Slftttjie 2 x l 0 
1 8 c m 3 "Cfcfco 9 y KJB 1 0 3 S i J&^f-O)'* 
y???^ K»ftttJI6 3 X 1 0 1 7 c m 3 "Cfe <9 , = V* 
^ Mi 1 0 4 rtCD*jXf*#?J 1 X 1 0 1 7 c m 3 T*foofc D 

±^ 77KI103 £3gftJf 1 0 2i^#S 
-C^)A 1 fflfifcJfcfcJ:#j 0 . 0 9 bfem&tltZo A U. 09 G 
a 0 . 9i Nfrbf&Z>? 7^/ Kg 1 0 3 ^ G a 0 . 8 o I n 0 . 20 
N^e>fiK^^5tSl 0 2 tO«ih^i|gOMSf^0. 8 
eV-TrfcSo =*V^ hJBl 0 4©** y T»ftttafr— 

^a**W3eft-e*9 2 x 1 o 1 7 c m 3 r% itsfcite^ 3 . 

1Q • c m"Cfcofc 0 r CO J: 5 ^ MgiZ n (7)2SI 

ds»6ixfc 0 Jh^ 9 V KS 1 0 4 <D*c* y T»fi«*?I 7 
X 1 0 ,e cm 3 -Cfcofc 0 

[0 0 6 9] ±feco^JltS^f*: 1 lfc 7 P 7XVx> 7 ^> 

no 4(c^^-r^>^ o ofifi%) • -<y y (i 

0fi*%) ^J^l 07at ^CO±(DAumi 0 7b 
•ft«2 0 nmit5Au*||^brt5a*tt*It 

iio6 ^iae tto S7ttt^sim@ 1 o 6 (ommzm 

y ^T/^m 10 6a T-ffilf bfdo n ^/n 0 y KttlS 1 0 
9ttA 1 ^bfl|J5fi;Lfco -©ct 5 LT, LED 5 IS: 

[0 0 7 0] IEK^LEDSICIoV^, p^°y 
Ktil0 7t, njgx<2/ KWS1 1 0 ir^W^iiWL 

Ii84 4 0nmt*fc^ ^fBlil 0 nmt'fcofc, 51 
*Ui*f4l. 5mW-Cfcofco MftWft^^^ h/W4ift 
Sfi4 2 0nmRtf4 8 0nml:tUaifc. 
OSfiffitt. R^Sr4 2 0 nmi:i-6©USkW^5t0^4 
0fST*fc«9, 8ftS:4 8 0nmi:t5Blft«4?8*©» 
6 OfSir/cCoto 2 OmASt *9^WS*rS]raJE«3. 7 

(V) T'foofco 
[0 0 7 1] (* 2 ^Jfe^) El 8 tt**91*>IS 2 *JS0iJ 
lC#5LEDSr^-t"ElT*fo5o ^ <OW, 2 |IJS0ijT^ L E 
D5 2^*5V>T, ±IB^lHffiFf|C0LED5 1 <t [^]— <D 

5 0 HiC*3VNT, n«T^7^ KS 1 0 8 20 
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•fmttfV *A •'fy^A (Ga,. I5 I n 0 . 2S N) 

bf&zmftm 1 2 2Sr«SLfc 0 4 OSMWfcSOfifcBISr 
111X6 nmOSS:^383tJBS:#fc 0 /&aHt&, 1 1 0 

[0 0 7 2] MS^i lOOtl^t^ 5#P*f5 
aUfc 0 A 1 ifca/£ifc£:0. 2 0tt57yK- 

/T'ilffiSi^n^lftT^^^^A • ^/y «?ASf 0 (A 

lo.zoao.aoN) ^^5MS©7yK-^Il 2 3 10 
aSrJtabfc 0 ifil2nmiU e «M2 0# 

W|-es>ofc 0 jRrt-c\ MgiZntK-tfy^Lfcp» 

OA io. 20 G a., so N«*a>fojSS3F«4fe K— 7 pl&M 
1 2 3 b £±£;jgLfc 0 MgMZrKOK-fc^IH 

j*BH*Wltt5^IBi: U 0. l 2 ^ m(0^«* K-^I 
12 3b S:»fc 0 _L1E<E>T > K— 123a XtW^ffi 
i K-^I 1 2 3 bHpKi^7^ KJi 1 2 3S:»« 

[0 0 7 3] pj&±? 7 y KS 1 2 3 Jitdte, Mg^Z 20 
nS:*i: K— LAc p 7KG a N^^SpJg^y^ 

^Ml2 4Sr*«Lfco p»=y^^b*l 2401 
J¥«0. l/im^Lfc 0 SfcffltKtt, 5^Hlf: B /&H 
J^T^, ArtNH 3 5 0tlC5 O'C 

/^<Oii«T?»SPL^io LfciSoT, 383fc»l 2 2*9 
5 O'CfiJLi^aa^UbfcWIIBttl 8^Pfl-Cfcofc 0 9 
5 0W^8 0 0°C-^S^1 5 0 C^i*ST^^L/c 0 

8oottioMffi)$L«, esotcg^ist 

[0 0 7 4] KITEM»J:^ $&%m 1 2 2 tt« 

I nffifigittt^O. 2 2t^of: 0 ftc&di& 
WW/rt J JliggC ITS 3 n mtfcot «ft& 
fiffi<&*£te#)3 X 1 0 16 c m 3 ££tH£ft;fc 0 3S7feH 
122t±^7yKI123 fcOS^Bifi^^ffl*^ 

h (ffftflO J&MBJlSft*:. ««#©«(lli*+/im8 40 

[0075] mmm 1 <t brassta 122 <o^e 

feogsa»b««£*xfc 0 385tJli 2 2^ffir*(D^^ 

fcofc. «rtt^b^)3piSM*3B3fcjS[ft«*?J4 5 5 nm-e 
feo/c 0 g**^5)^3tiiil-*!)4 1 0-4 4 0 n m 
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i-*ffiatt, 1 2 2C0^®(O®a(c:^L7 4%<b 

[0 0 7 6] p^jffii 1 2 3 bMpi^y 

* * Ml 2 4 I*! OM g OJS^fllS^ 3X10"cm 

■■cfcofc. 1^1: < s i Ms^ffiasz ncois^Faia 

f*#?J 1 X 1 0 18 c m 3 -efcofc 0 ±^ 7 5/ KJI 1 2 3ft 

cd s i m*<D'< vmr*?^ Fmstitm 1 x 1 o 1 7 c m 3 

-Cfc 9. = ^ * b m 1 2 4 PVDZtifcm 8xi0 l6 c 
m 3 T-foofc 0 pf±^7 7KI12 3^*I 

1 2 2 tO^^S-ecOA 1 «figJttt#5 0. 2 0i^t 
Sttfco Al,.,,Ga,., 0 N^5)S57yK-7 p Il 2 
3a^ G a.. 25 I n 0 . ts N 5 383teJB 1 2 2 t CO 

*Jh»«©SSflft 1 . 2eVt^^ 0 pJfc=aV**b 

H24^ty T^*^^-^may^ffiT^ 1 x 1 

Mg t Z n(D 2lg?:Mc K-t°y^lfcr 
£T\ t UTM g S: K- f y ^ L t t 

1 2 3(D**r V rmStitme X 1 0 16 cm 3 T*fcofc 0 

[0077] mmm 1 1 mm<n^mx\ mmm^w 1 2 

tC^^X^mo/^v^pxSrJSb, LED5 2^8l 

t^fittft 4 6 0 n mTfc 9 , 1 2 n 

h/MS4 3 5 nmi4^cO{iB(c:aj^L^^. ±fc 

-efcofc 0 2 OmAMSfc?) ©J«*In]«BEtt 3 . 5 sK/P b 
(V) Tfoofc 0 

[0 0 7 8] (|g 3 H 9 te^MS^COSf! 3 UlteflRJ 

M^LED^Tfltfe^o ai0li*Op«^5y 

i^W^O^^^WAK Ga.Mg 

wzn^iM^/Ttti/^o ^<Dmsmmmx-(D 

LED5 3m^, ±f£^lHJ£^J(OLED5 1 i: 

[0 0 7 9] cn^^SH^^T, n»T^5y Kll 
0 1 JL^. 8 5 O'C-C I n<O¥^lffi^hfcSr0. 1 5 t"t 
^n^CO/y K— y^ittf}) *>J* ' << Zsi?VJ* (Ga 
o. as I n 0 . » s N) a>e>j£2>383tJl 1 3 2 5rtiL/c e 6 

2£*#fc 0 ^jk^s 102 ot^Mifc. ^-fiiaa-e 

3»|IBflMiUfc. 

[0 0 8 0] aSitS 1 3 2±*C»:Oll|Sff-CpJg 

<0±^ 7 3/KI13 3 Sr*ta Lfc 0 13 2 

^8^B/5^ 1 5 nm^fWiTy K— 
<Dn»Ift7/l/S^!>A • #3 |>ASfB (AL.isGa 
o. a s N) ^b«57V K-^S 13 3a *itaLfc 0 ^ 



ttT\ M g t Z n ?r*ir K-^y 1 1 ti-tffii: 

$ j±m:£kmfrL>j&z>mj&mm 1 3 3 b^itau 

Tto Alffitfcittt, U 1 0 \Z^-f£ 0 T>K-^S 
13 3a t<Dm&ftmX*0. 15tU -^^^iS^ii 

jUD^f^tdS^^^Dfco mmim^teA 1 *a/&it£o <t 

««FUrfiRap»GaN«Sr*Jh»«/h««l 3 3 c t 
UTfMbfc (010) o r <Z>iffi/&*jiaJi i 3 3 b i** 

JhW«/jNflB*fi 1 3 3 c t ^tfCOSff^ 0 . 15 m mi: 10 
Lfc 0 mJCi 9 , TV K— ^Jl 13 3a, #lJ&*JlBJf 
13 3 b atf*lJt»«/hfli« 1 3 3cH«5 p»^)± 

^7^ Kll 3 3&Mf8L£titz 0 j«ffll^«:6^WISrBL 

[0 0 8 1] fifclR*lT«. A r fc NH3 Ofi^ffift* 
9 5 0tl^3 5t/^SSt«L^ 0 Lf:^ot, 

Ei 1 3 3 bRVilhf ffi/l^ttl 3 3 c ffcot^y 20 

^lO^SItMLfc, 8 0 0tT'15M^l 

6 5 0ti:S^15toaST*filfco 6 50 
•CfcHMM L/cB#^r-MO C V DK/E*FJ*J^ V^e^T 

it. 

Attottxam x 1 0 16 cm 3 irjia^n^. ±.?? 
y K1133 tcom^^Wj&m^mm^n, #mc i n co 

ZtltCo «fc#©i(iflft+Mm8fl[-eilbofe 0 

CO I nffi/£jfcte**T*#)0. 3 0t*feo/c 0 */h£> I n 

m&tt&mo. 0 8t*foofc 0 

[0 0 8 3] HJ6#J 1 t Wl$k\Z LT3§5fcJI 132 <D^m 
S:*5tK»»"C««Lfco Ml 3 2<£>*®tc:te. R 40 

feoMS^b»B*ixfco *3tJ§ l 3 2mmx~<D¥*l%tih 

fcofc D »ffi^e>05pJSW*353tjRS*i)K)4 2 0 nmT* 
fcofc 0 S«*^bO«3ttt±IC*!)4 1 0 nmtJK)4 7 

[0 0 8 4] ±^7^Kil 33 rtc^M g <Dj^»ftte 
«)4X 1 0 18 cm 3 T*fco/*: 0 I^C< S I MS##rUl<fc 50 



) ftffl¥-l 1- 1 8 6 6 0 1 

20 

^) Z n Olf iRSlifi 3 X 1 0 l 9 c m J t*feof: 0 ?y 

v KiftOS iflC^^^^^Kagttlfil x i o 
,? cm 5 t*i)o/; 0 pj&# 7 y KJi £5B3teJStf># 

BWA lffi/SJtteO. 1 5 ir^4$n.fc 0 Alo.isG 

a 0 ..sN^f)^S7yK-7'll 3 3 a tGo.st I n 
o. ..Na>6>J«5383te/B 1 3 2 t<0*ih*BO«»H:j|fl 

0. 8eV-CfcS e p^m^EScO^ffi C^ih^iH 
/HB«1 3 3 c) (DW-t&ttte** y 7SS(j:^-;uM 
SJ^JfeT^ 2 X 1 0' 7 c m 3 X\ WsJgfittt*?) 2 . 0 Q • 

cmirtfad^tb^io t-, MgtZn(02« 

[0 0 8 5] HJS^J 1 £ pg«£)#8=TN «Ji«fi£# 1 3 
K^X^^^V^tolSrifcU LED53^Sl 

h/KD^/L^firli^)4 2 5 nmT-fe^, HMSMHfi 1 3 n 
mtfco/Co *3tttl^ttl. 3mWT'J)of: 0 H&fttt 
h/W3 4 1 0 nmfi^i:^4 7 5 nm^fif^ltl 

0*ffi^)t^^t)^T*foot 0 2 0mA^fc«9(Djlli^^] 
«EEtt3. 6dOub (V) X*$>o1t 0 
[0 0 8 6] (S§ 4 HJStf'J) Hill tt*38W(^» 4 JUffi 

ED 5 4 JCifcl^T. ±K^l|li£0y£>LED5 1 tm~ 

3 D Bfcft^T. Mil4 2fi, JhfSJf?3||J£#i|03g 
*JB 1 4 2 t U *:<0383fcJi 14 2 ±IC, ft 

CQjiHi?T*p^_b^7^ Kll 4 3Sr*6«Lfc 0 

3§7fcJI 14 2 £<OS^#®^<b 1 5nm©««lt ±15 
I3ll«07y K-7 P I 14 3a ^CM^ U Si 
jgfctcOTV K-^nltA 1 0 . ,sGa 0 ., s NifiH« 
S7y K— :/JI 143aiSrl02 O^-ejSSSitfco * 

9 8 o^tciST^^ t©ryK- ^ 

t^, Al t A s (?5#fflfi!E^»j*^JiBS:f*Ufcp^A 1 
,Ga, ,N, .As. Sf B ^P)jS5iB^El 143b* 

[0 0 8 7] A 1 *&J&it x fi. TV K— 1 4 3 a £ 

<DS^#®-eo. istu ^to^wff^tiJD^fBj^ia 

m&J\^Cfc 0 HJ?(DliiD^^}T-(DA 1 *fij5g;lt^ 

«^^»IC$^T, a*A s COlafifeJfcSrO <t 9 0. 10 

tb«ff *rpj ^(C^^UT^K^ p^G a No. 90 A s 
o. io»Sr*Jkffi?*i/h«*l 4 3 c t Lt**Lfce 
mfi£4gBBS 14 3b i«ih«fffi/hffl«l 43c tco&fY 

1143a, 14 3 b at/«Jt«f«/J^« 1 



» • 



4 3 c pM<D±? =7 y YM 1 4 3&j&&£tl 

tz 0 f&m\Zte8&m&m^ti 0 &*5. GaNo. 90 As 

o. iofrb&zmit&m'bmi&i 4 3 c<Dm±&®te$) 

1 . 0 e Vtfc5o 

[0 0 8 8] Mt, 9 5 0tCK)2 0Wt«T^ 
/c G 9 5 Ot^b 8 0 OtCltS^l 5tt^iP t/ho 

te^f+T*7£f^T*fco7co rcOBfP^il, JhlESI 3 3Ufe#J 
<£>4&^£1^8IK:, femzfr^X±mt£^m&ffiX&><0 , 

4 3 b RXfM±^M'bmi$L 1 4 3 ct^ot^y^^ F 

-C#/c/c#>-Cfc£ 0 -ecom, 8 0 OX^X'Sfrm&ni^tz 
tg, MOCVD^rt^OAsigtLfcT^y (A s H 
* ) (lOW/o) -tK^ (9 0ftS%) ^^/^^ 
jf££f?ltL/c 0 8 0 O^^liArfl^t^MS 

[0 0 8 9] KBTEMliia^ 3g3fcJf 1 4 2 fifS 

iBffi<a*£«:#*) 1 X 1 0 1 6 cm 3 k&mZtlfco 

y KJf 1 4 3 iO»-fr*BBiffff©«*^tt, «HC I n<D 

<Dl n^it^S^cT^O. 2 8-efco/c 0 I n 

[0090] mmm i £ n^tc Lxmytm 142 <d^® 

£:§^^SlT*mi» L/c 0 3§3fcJl 1 4 2<£>Se®{Cfj: N R 

/Co ®tS^^^¥^W^7t&Sf^4 2 0 nmT'feo 
fc 0 M*fr^^0^3fefi^^4 05nm£S$4 70n 
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